The ,-lactam hydrolysis of five cephalosporin 3'-quinolones (dual-action cephalosporins) by three gramnegative P-lactamases was examined. The dual-action cephalosporins tested were the ester Ro 23-9424; the carbamates Ro 25-2016, Ro 25-4095, and Ro 25-4835; and the tertiary amine Ro 25-0534. Also tested were cephalosporins with similar side chains (cefotaxime, desacetylcefotaxime, cephalothin, cephacetrile, and Ro 09-1227 [SR 0124]) and standard P-lactams (penicillin G, cephaloridine). The ,-lactamases used were the plasmid-mediated TEM-1 and TEM-3 enzymes and the chromosomal AmpC. The cephacetrile-related compounds Ro 25-4095 and Ro 25-4835 were hydrolyzed by all three P-lactamases with catalytic efficiencies (relative to penicillin G) ranging from -5 (TEM-1, AmpC) to -25 (TEM-3). The cephalothin-related Ro 25-2016 was also hydrolyzed by all three I-lactamases, particularly the AmpC enzyme (relative catalytic efficiency, 110). The cefotaxime-related compounds Ro 25-0534 and Ro 23-9424 were hydrolyzed to any significant extent only by the TEM-3 enzyme (relative catalytic efficiencies, 1.2 and 4.7, respectively).
In recent years, a number of compounds which consist of a cephalosporin covalently linked at the 3' position to a quinolone via an ester, carbamate, or tertiary amine linkage have been synthesized (1) (2) (3) 5) . These compounds have a dual mechanism of action (hence the name dual-action cephalosporins [DACs] ), reflecting the actions of both the f3-lactam and the quinolone components; they bind to penicillin-binding proteins and inhibit DNA gyrase (1-3, 10, 18) . In growing Escherichia coli devoid of ,B-lactamase, the esters act as cephalosporins when intact, while the carbamates and tertiary amines act primarily as quinolones (8, 9) .
Theoretically, cephalosporin 3'-quinolones may release free quinolone directly, by hydrolysis of the cephalosporin-quinolone linkage, or indirectly, subsequent to opening of the ,B-lactam ring (6, 14) . The former reaction is chemical, while the latter reaction is enzymatic and is catalyzed primarily by ,B-lactamases. In the study described in this report, we examined the hydrolysis of cephalosporin 3'-quinolones and reference compounds by three gram-negative ,B-lactamases. The first, TEM-1, is plasmid mediated and is the most common ,B-lactamase in gram-negative bacteria. The second, TEM-3, is a cefotaxime-hydrolyzing enzyme derived from TEM-2 (itself a variant of TEM-1). The third, AmpC, is a chromosomally encoded ,B-lactamase similar to those responsible for 1-lactam resistance in Enterobacter cloacae and Pseudomonas aeruginosa. ,B-Lactam hydrolysis of the cephalosporin 3'-quinolones by any of the three enzymes would be expected to release free quinolone (14 Bacterial strains and growth conditions. E. coli MK47, a K-12 strain containing the plasmid-encoded TEM-1 ,B-lactamase (13) , was a gift from M. Gellert of the National Institutes of Health (Bethesda, Md.); E. coli CF204, a K-12 C600 strain containing the plasmid-encoded CTX-1 (TEM-3) 3-lactamase (21), was a gift from D. Sirot of Clermont Ferrand Hospital (France); and E. coli TE18, a K-12 strain containing the ampC gene and an overproducer of chromosomal 3-lactamase (17), was a gift from S. Normark of Washington University (St. Louis, Mo.).
Strains were grown in Luria broth at 37°C to the late logarithmic phase, with the exception of E. coli MK47, which was grown at 30°C in Luria broth containing 0.5% glucose, 5 mM potassium phosphate, 1 Lg of biotin per ml, and 10 ,ug of ampicillin per ml as described previously (13) . Ampicillin (50 ,g/ml) was also included in the growth medium of E. coli CF204 to maintain the plasmid.
,-Lactamase purification. In the first step, ,B-lactamases were released from the periplasm by osmotic shock (15), a procedure essentially the same for all three enzymes. Briefly, E. coli cells (typically, 15 g for TEM-1, 1 to 2 g for TEM-3, 15 g for the AmpC enzyme) were harvested, washed with 20 mM Tris-HCl (pH 7.5), resuspended in 5 to 10 volumes of 20 mM Tris-HCl (pH 7.5) containing 20% sucrose and 1 mM EDTA, and incubated at room temperature for 10 min. With cell pastes larger than 15 g, cells were resuspended in 2 volumes of the buffer described above, and the incubation time was increased to 30 min. After centrifugation at 13,000 x g for 10 min at 4°C, the pellet was immediately resuspended in 2 volumes of cold deionized water and the mixture was stirred vigorously for 10 min at 4°C. After centrifugation at 13,000 x g for 10 min, the supernatant was retained and the activity was measured. To the supernatant, 1 M Tris-HCl (at pH 7.5 for TEM-1 and TEM-3 or at pH 7.0 for AmpC) was added to a final concentration of 10 mM.
TEM-1 (pl, 5.4 [4] ) and TEM-3 (pl, 6.3 [4] ) P-lactamases were further purified, as follows (7, 22) . The supernatant from the osmotic shock step was loaded onto a DE-52 column (1-to 2-ml column volume per 1 g of original cell paste) equilibrated with 10 mM Tris-HCl (pH 7.5). The column was washed with [4] ) ,-lactamase was further purified as follows (11, 12) . The supernatant from the osmotic shock step was loaded onto a CM-52 column equilibrated with 10 mM Tris-HCl (pH 7.0). The column was washed with 3 volumes of equilibration buffer and was eluted with 100 mM Tris-HCl (pH 7.0). The eluate was concentrated 10-fold by centrifugation through a Centricon-10 filter (protein concentration, -0.1 mg/ml), BSA was added to a final concentration of 1 mg/ml, and the solution was stored at 4°C. In that form, the enzyme was stable for at least 12 days. ,1-Lactamase assay. ,B-Lactamase activity was assayed in most cases spectrophotometrically with a Beckman DU 70 instrument. The assay was carried out at 30°C in 10 mM sodium phosphate (pH 7.0). 3-Lactam hydrolysis was moni- (20) .
RESULTS AND DISCUSSION
The structures of the DACs tested for 3-lactamase hydrolysis are shown in Fig. 1 . Also tested were cephalosporins with similar side chains (cefotaxime, desacetylcefotaxime, cephalothin, cephacetrile, and Ro 09-1227) and standard compounds (penicillin G and cephaloridine). The differential absorption maxima and extinction coefficients of all compounds used in the study and their hydrolysis products are given in Table 1 , while the kinetic parameters obtained with the three ,B-lactamases are given in Tables 2, 3 and 4. TEM-1 P-lactamase hydrolyzed only the cephalothin-related -20 h), they are most likely to release quinolone in gram-negative bacteria through ,B-lactamase-mediated hydrolysis of the r-lactam ring, as has been proposed previously (1, 14) .
